In vitro metabolism of a model cyclopropylamine to reactive intermediate: insights into trovafloxacin-induced hepatotoxicity.
Trovafloxacin (Trovan) is a fluoroquinolone antibiotic drug with a long half-life and broad-spectrum activity. Since its entry into the market in 1998, trovafloxacin has been associated with numerous cases of hepatotoxicity, which has limited its clinical usefulness. Trovafloxacin possesses two substructural elements that have the potential to generate reactive intermediates: a cyclopropylamine moiety and a difluoroanilino system. The results presented here describe the in vitro metabolic activation of a synthetic drug model (DM) of trovafloxacin that contains the cyclopropylamine moiety. Cyclopropylamine can be oxidized to reactive ring-opened products-a carbon-centered radical and a subsequently oxidized alpha,beta-unsaturated aldehyde. Experiments with monoamine oxygenases, horseradish peroxidase, flavin monooxygenase 3, and cDNA-expressed P450 isoenzymes revealed that P450 1A2 oxidizes DM to a reactive alpha,beta-unsaturated aldehyde, M 1. Furthermore, myeloperoxidase (MPO) was also demonstrated to oxidize DM in the presence of chloride ion to produce M 1. DM proved to be a suicide inhibitor of MPO while showing no inhibition of P450 1A2. The structure of the reactive metabolite was confirmed by LC-MS/MS analysis by comparison with a synthetic standard. M 1 was further shown to react with glutathione and the related thiol nucleophile, 4-bromobenzyl mercaptan, suggesting the potential of this intermediate to react with protein nucleophiles. In summary, these data provide evidence that trovafloxacin-induced hepatotoxicity may be mediated through the oxidation of the cyclopropylamine substructure to reactive intermediates that may form covalent adducts to hepatic proteins, resulting in damage to liver tissue.